Introduction
Dengue fever (DF), a tropical infection caused by the dengue virus, is a multisystemic disease characterized by fever, headache, muscle and joint pain [1] . The disease is transmitted by the bite of an infected Aedes aegypti mosquito. In cases with severe and repeated infection, hemorrhagic DF may develop due to exacerbation of the immune response. Ocular manifestations include intraretinal hemorrhages, retinal edema, cotton wool spots, uveitis, optic neuropathy and vascular sheathing [2] . Involvement of the foveal region has also been described [3, 4] . Optical coherence tomography (OCT) findings include 3 patterns of maculopathy: diffuse retinal thickening, cystoid macular edema and foveolitis [5] . To date, there have been no reports of choroidal neovascularization (CNV) secondary to DF. Herein, we report the initial manifestation of CNV, the morphologic pathomechanism and the long-term follow-up of a case of CNV secondary to DF as well the successful response to treatment.
Materials and Methods
A 54-year-old female was referred to our department with blurred vision and metamorphopsia in her left eye following the diagnosis of DF 2 weeks earlier. She presented all classic systemic symptoms of DF with a papular rash over her arms and hands followed by fever, headache, retro-orbital pain and myalgia. A systemic workup revealed a thrombocytopenia, and a real-time PCR for the dengue virus type 2 was positive, confirming the diagnosis of DF. 1c ). The patient was referred to receive 3 monthly intravitreal injections of ranibizumab (Lucentis; Novartis, Basel, Switzerland, and Genentech, Inc., South San Francisco, Calif., USA). After this loading dose, her BCVA improved to 20/25 in the left eye, and there also was a marked anatomical improvement ( fig. 1d ). After 6 months, her BCVA was still 20/25 in the left eye and the SD-OCT remained without any signs of active CNV. Two years later, the patient again presented to our service complaining about a reduced VA in her left eye. The BCVA was 20/30 and the FA showed a leaking lesion temporal to and another site of leakage inferior to the fovea. Indocyanine green angiography revealed focal hot spots in these areas ( fig. 2a, b) . SD-OCT showed marked subretinal fluid, an increased extension of RPE detachments and RPE discontinuity, discrete intraretinal cysts and hyperreflective subretinal material ( fig. 2c ). The patient underwent 2 monthly intravitreal injections of ranibizumab with functional and anatomical improvement. The BCVA improved to 20/25, but there was persistence of fibrovascular RPE detachment ( fig. 2d) . Six months later, her VA had returned to 20/20 and OCT showed an absence of disease activity. Regular follow-up visits were recommended. 
Discussion
DF is the most common mosquito-borne viral disease in humans. In recent years, it has become a major international public health concern. The disease is endemic in Brazil, but has emerged even in Europe, and the increasing prevalence has been accompanied by a rise in the proportion of severe cases [6] . Marked thrombocytopenia, for example, predisposes to severe forms of ocular disease [7, 8] . The mean interval between the systemic manifestations of DF and the onset of visual symptoms usually ranges from 6 to 7 days [2] .
OCT is a noninvasive imaging technique that provides a better understanding of the pathogenesis, a more precise diagnosis and an improved monitoring of macular disorders. Teoh's classification of DF-related maculopathy into 3 groups is based on OCT patterns including retinal thickening in the central/paracentral fovea (type 1), cystoid macular edema with large cystoid-like spaces (type 2) and foveolitis with or without macular edema and high reflectivity at the level of the outer retina (type 3) [5] . All described changes are restricted to the neurosensory layers. Clinical, angiographic and tomographic findings of our case, however, are consistent with CNV, an entity associated with the alteration of the RPE layer. Secondary CNV always originates from retinochoroidal disease and is not only characterized by retinal features [9] . The precise pathogenesis of dengue maculopathy remains unknown. The immunopathologic mechanism probably comprises a complex series of immune responses initiated by primary infection with dengue virus, followed by antibody production. It is unknown whether autoantibodies in ocular disease may be directed against the retina or the RPE; nevertheless, alteration of the RPE barrier may consecutively induce CNV formation [2, 10, 11] . In age-related macular degeneration, the pathophysiologic role of the complement system has been highlighted impressively [12] . Complement activation leads to excessive damage to vascular and cellular barriers and potentially to RPE, preceeding CNV formation. Substantial RPE alteration was seen in our patient (including RPE discontinuity at the CNV ingrowth site and fibrovascular RPE detachments). Moreover, antibody-dependent enhancement occurs when non-neutralizing antiviral proteins facilitate virus entry into host cells, leading to increased infectivity in the cells. The phenomenon of antibody-dependent enhancement may be observed when a person who has previously been infected with one serotype of the dengue virus becomes infected many months or years later with a different serotype. In such cases, the clinical course of the disease is more severe and higher viremia occurs [13] . Our patient reported previous events of systemic disease. There is no specific treatment for systemic DF, and management revolves around appropriate supportive therapy and close monitoring. At present, there is also no measure to prevent ocular involvement during a dengue infection. Most ocular lesions, including retinal hemorrhages and foveolitis, resolve spontaneously over time. There is no known effective treatment for dengue maculopathy and there are no randomized trials to date. Active surveillance and corticosteroid therapy have been the main treatment modalities employed until now [14] . Systemic corticosteroids have been used in patients with maculopathy, uveitis, optic neuritis and neuromyelitis optica associated with DF and include oral prednisolone and/or intravenous methylprednisolone.
Generally, inflammatory changes often result in increased vascular endothelial growth factor (VEGF) levels [5] . VEGF is a diffusible cytokine that promotes angiogenesis and vascular permeability and it is considered an important factor promoting neovascularization. Ranibizumab is a recombinant, humanized monoclonal antibody that neutralizes all active forms of VEGF-A and is particularly effective in classic CNV, which is typically found in secondary CNV [15] . Herein, we report a case of CNV secondary to DF. To the best of our knowledge, this has not been previously described or treated. Considering the good treat- Fig. 1 . a At baseline presentation, the macula of the left eye demonstrates focal hemorrhages and edema (arrow 1). b FA reveals active leakage from a small classic CNV lesion (arrow 2). c SD-OCT shows subretinal fluid (arrow 3), focal hyperreflective material above the retinal pigment epithelium (arrow 4) and RPE detachment (arrow 5). d Following the third intravitreal injection with ranibizumab, anatomical improvement with resolution of subretinal fluid is seen. In SD-OCT, a focal RPE scar (arrow 6) and a persistent RPE detachment (arrow 7) are seen.
